Constitutive activation of the m5 muscarinic receptor by a series of mutations at the extracellular end of transmembrane 6.
The m5 muscarinic acetylcholine receptor was constitutively activated by a wide range of amino acid substitutions at a residue (serine 465) that is positioned at the junction of the sixth transmembrane domain and the extracellular loop. Of 13 substitutions tested, 11 produced significant increases in constitutive activity. Replacement of serine 465 with large (phenylalanine and valine) or basic residues (arginine and lysine) increased the constitutive activity of the receptor to between 55 and 110% of the maximum response of the wild-type receptor to the agonist carbachol. Other substitutions (e.g., cysteine and leucine) increased the constitutive activity to an intermediate level (30%), while small and acidic residues (glycine, aspartate, and glutamate) caused small or insignificant increases. The increase in the constitutive activity of each mutant receptor correlated with an increase in the potency of carbachol in both binding and functional assays, with the most constitutively activated receptors showing a 40-fold decrease in the EC50 of carbachol. The negative antagonist atropine bound to and reversed the constitutive activity of all mutant receptors with equal potency. These data were fitted to a two-state model of receptor function. The data are consistent with the primary effect of substitutions to serine 465 being to selectively destabilize the inactive state of the receptor, thus favoring formation of the active state in the absence of agonists. Our data strongly support this two-state model of receptor function and identify a critical role of this domain in the activation of muscarinic receptors.